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Functionalised tris(pyrazolyl)methane ligands and Re(CO)3
complexes thereof
Abstract
The synthesis of new tripodal nitrogen ligands derived from tris(pyrazolyl)methane (TpmR, R = H, tBu,
Ph in 3-position) is described. After deprotonation of the parent tris(pyrazolyl)methane TpmR, the
carbanion reacts readily with ethylene oxide to yield the 3,3,3-tris(3-substituted pyrazolyl)propanol
ligands[(3-Rpz)3CCH2CH2OH, R = H, tBu, Ph, 1a-c]. These ligands can be easily derivatised at the
alcohol function. Microwave-assisted reactions of these ligands and [Re(CO)5Br] yields the complex
[(1a)Re(CO)3]Br (4) in the case of ligand 1a, whereas in the case of the substituted ligands 1b and 1c
degradation was observed. The degradation products are identified as [(HpzR)2Re(CO)3Br] [R = tBu
(7b), Ph (7c)]. These complexes were also prepared directly from [Re(CO)5Br] and the corresponding
pyrazoles by microwave-assisted synthesis. The Re(CO)3 complexes 4 and [(1a)Re(CO)3]OTf (5) are
water-soluble. The structures of 5·H2O and [{(pz)3CCH2CH3}Re(CO)3]OTf·1.5H2O·1/2CH3CN
(6·1.5H2O·1/2CH3CN) as well as the structure of 7b have been elucidated by X-ray crystallography.
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Abstract 
The synthesis of new tripodal nitrogen ligands derived from tris(pyrazolyl)methane (TpmR, R 
= H, tBu, Ph in 3-position) is described. After deprotonation of the parent 
tris(pyrazolyl)methane TpmR the carbanion reacts readily with ethylene oxide to yield the 
3,3,3-tris(3’substituted pyrazolyl)propanol ligands ((3-Rpz)3CCH2CH2OH, R = H, tBu, Ph, 
1a - c). These ligands can be easily derivatised at the alcohol function. Microwave assisted 
reactions of these ligands and [Re(CO)5Br] yields the complex [(1a)Re(CO)3]Br (4) in the 
case of ligand 1a whereas in the case of the substituted ligands 1b and 1c degradation was 
observed. The degradation products are identified as [(HpzR)2Re(CO)3Br] (R = tBu (7b), Ph 
(7c)). These complexes were also prepared directly from [Re(CO)5Br] and the corresponding 
pyrazoles by microwave assisted synthesis. The Re(CO)3 complexes 4 and 
[(1a)Re(CO)3]OTf (5) are water-soluble. The structures of 5·H2O and 
[{(pz)3CCH2CH3}Re(CO)3]OTf·1.5H2O·½CH3CN (6·1.5H2O·½CH3CN ) as well as the 
structure of 7b have been elucidated by X-ray crystallography.  
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Introduction 
Organometallic and coordination chemistry with relation to biological and medicinal 
chemistry is a rising field.[1-3] Several groups are developing ligands for the radio-labelling of 
bio-molecules.[4-18]  Many of these ligating moieties are based upon bis(pyridylmethyl)amine 
derivatives and we have also developed a N-(2-hydroxypropyl)methacrylamide (HPMA) 
copolymer with bis(pyridylmethyl)amine derivatives as metal binding sites.[19] Another class 
of widely used ligands in coordination chemistry and organometallic chemistry are the 
tris(pyrazolyl)borates (Tp), developed by Trofimenko in the early sixties.[20-23] They are 
convenient to synthesise, but not easy to derivatise, although interesting approaches exist.[24, 
25] Since a convenient route towards the isoelectronic neutral tris(pyrazolyl)methane (Tpm) 
ligands has been established, this ligand class has attracted more and more interest.[26-28] The 
Tpm class ligands are easily derivatised at the central carbon atom and a variety of derivatives 
has already been developed.[29]  
These Tpm ligands easily form Re(CO)3 complexes.[30-32] This is interesting for therapeutic as 
well as diagnostic purposes as rhenium has two isotopes with favourable β-emitting properties 
(188Re, t½ = 16.9 h, Eβ = 2.1 MeV; 186Re, t½ = 3.78 d, Eβ = 1.07 MeV, Eγ = 137 keV) and 
additionally, the Re(CO)3 core resembles the diagnostically important 99mTc(CO)3 core.
[18, 
33-38] For the attachment of the ligands to e.g. a polymeric backbone, an additional functional 
group has to be present in the molecule. Only a few functionalized tris(pyrazolyl)methane 
ligands bearing groups for further chemical ligation are known, the most prominent being the 
tris(pyrazolyl)ethanol developed by Reger.[29, 39] Herein we report on the synthesis and 
characterization of the new tripodal nitrogen ligand 3,3,3-tris(pyrazolyl)propanol and 
derivatives thereof. The reactivity of the additional functional group has been explored and 
the structure of Re(CO)3 complexes of some of the new ligands is described. 
 
Results and Discussion 
The new tripodal ligands of the 3,3,3-tris(3’-R-pyrazol-1-yl)propanol type (R = H (1a), tBu 
(1b), Ph (1c)) are easily prepared by the reaction of the lithiated tris(pyrazolyl)methane with 
ethylene oxide (Scheme 1).  
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Scheme 1: Synthesis of the alcohols 1 (R = H (a), tBu (b), Ph (c)), aldehydes 2 (R = tBu (b))  
and the esters 3 (R = tBu, R’ = C11H23 (a), C16H33 (b), C6H4NO2 (c)). 
 
They represent the higher homologs of the (3-Rpz)3CCH2OH ligands, synthesized by 
deprotonation of the parent methane using potassium tert.-butoxide and subsequent reaction 
with paraformaldehyde.[39] All ligands show C3v symmetry in the 1H NMR spectra. The 
propanolyl methylene protons in 1a – c show two multiplets around 3.6 - 4.0 ppm. The 
pyrazolyl protons are found at 6.37, 6.70 and 7.76 ppm in 1a, at 6.1 and 6.3 ppm in 1b and at 
6.65 and 6.73 ppm in 1c. The signals for the substituents in 3-position of the pyrazolyl rings 
in 1b and 1c are found as a singlet at 1.3 ppm for the tert.-butyl groups in 1b and as multiplets 
in the region of  7.3 – 7.9 ppm for the phenyl groups in 1c. 
 These ligands are easily derivatised as has been demonstrated by the oxidation of 1b using 
the pyridine adduct of Cr(VI) oxide in CH2Cl2 which proceeds to the corresponding aldehyde 
2 in fair yield as well as by esterification with organic and inorganic acids (3a-c, Scheme 
1).[40] Additionally, preliminary experiments show, that reaction of 1a with L-lactide in 
toluene in the presence of tin(II) octanoate yields the ligand-functionalized polylactide (PLA-
1a­c  2b 
3a­c 
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tppa, 3d, Scheme 2). 
 
Scheme 2: Functionalization of ligand 1a to 3d using ring opening polymerization of L-
lactide.  
 
 The ligands 1a – c were reacted with [Re(CO)5Br] in toluene using microwave irradiation 
and the reactions were followed by IR spectroscopy. The spectrum of the reaction product of 
1a with [Re(CO)5Br] is different from the spectra of 1b and 1c, which are nearly identical 
and show the typical habit of a Cs symmetrical fac-M(CO)3 complex.[41, 42] The later 
complexes were identified by FAB MS spectroscopy and 1H NMR spectroscopy as 
[(HpzR)2Re(CO)3Br] (R = tBu (b), Ph (c)). In the case of 1b the structure of the resulting 
complex [(HpztBu)2Re(CO)3Br] (7b) was elucidated by X-ray crystallography. Obviously, 
the ligands 1b and 1c hydrolysed under these reaction conditions. This was also confirmed by 
comparison with the corresponding bis(pyrazole) complexes [(HpzR)2Re(CO)3Br] prepared 
under “conventional” conditions from the corresponding pyrazole and [Re(CO)5Br] in 
toluene. This observation is consistent with observations of Abram that the analogous ligands 
hydrotris(3,5-dimethylpyrazol-1-yl)borate and hydrotris(3-phenylpyrazol-1-yl)borate 
decompose during reactions with [ReOCl3(PPh3)2] and [NEt4]2[Re(CO)3Br3], 
respectively.[43] In contrast to the sensitivity of 1b and 1c to hydrolysis, the reaction of 1a 
with [Re(CO)5Br] yielded the expected Re(CO)3 complex [(1a)Re(CO)3]Br (4).  
 As 1a forms readily complexes with the Re(CO)3 core, we also used [Re(CO)3(H2O)3]Br, 
which is a more suitable precursor for medical applications, as starting material.[44] The 
microwave assisted reaction in water / ethanol proceeds smoothly but yields the pyrazole 
complex as product of hydrolysis. It was identified by IR spectroscopy and mass spectrometry 
as [(Hpz)2Re(CO)3Br] (7a).[45]  
 The 1H NMR spectrum of 4 in [D4]methanol shows three signals at 6.74, 8.46 and 8.72 ppm 
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for the pyrazolyl protons and a multiplet at 4.26 ppm for the methylene protons at room 
temperature. A variable temperature experiment in the range 220 – 320 K revealed some 
dynamic behaviour of this coordination compound (Fig. 1). 
 
 
Figure 1: The region of the signals of the pyrazolyl protons in temperature-dependent 1H 
NMR spectra of [(1a)Re(CO)3]Br (4) in CDCl3. Below 280 K the signals of each pyrazolyl 
proton splits into two sets of signals in the ratio 2 : 1. 
 
Below 280 K each signal of the pyrazolyl protons splits into a set of two signals in the ratio of 
2:1, indicating Cs symmetry. This dynamic equilibrium between C3v and Cs symmetrical 
species at room temperature is also observed in the IR spectrum of the Re(CO)3 complex 
[(1a)Re(CO)3]OTf (5) in which the bromide of 4 was exchanged to the non-coordinating 
triflate counter ion.  
 A change in coordination-mode between the expected N,N,N coordination and a possible 
N,N,O coordination, as is observed in different complexes of the anionic 
tris(pyrazolyl)methane sulfonato ligand tpms[31, 32], has been ruled out by “conventional” 
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synthesis of the Re(CO)3 complex of tris(pyrazolyl)propane 6. Here, this dynamic behaviour 
was observed, too. The explanation for the dynamic behaviour of 4, 5 and 6 in solution is a 
hampered rotation around the Ccentral-Cα bond which can also be seen in the crystal 
structures of 5 or 6 (see below). Reger et. al reported previously on an analogous frozen 
rotation of the ether groups in the complex [{1,4-
C6H4[CH2OCH2C(pz)3]2[Re(CO)3]2}]Br2.
[30] 
 Colourless crystals of [(1a)Re(CO)3]Br (4) were obtained by slow evaporation of an 
ethanolic solution. Due to substantial disorder of the bromide counter ions, the crystal 
structure of 4 could not be solved at a satisfying level. From the data obtained, it is evident 
that the rhenium atom is coordinated in a distorted octahedral fashion by the three facial 
carbonyl ligands and the three N atoms of the pyrazol rings. To circumvent this disorder 
problem the corresponding complex [(1a)Re(CO)3]OTf (5) with triflate as counter ion was 
prepared. Colourless crystals of 5 were obtained by slow evaporation of an ethanol / water 
solution of 5, it crystallises in the triclinic space group P-1. The rhenium atom is coordinated 
by the three N atoms of the pyrazolyl rings and by the three facial carbonyl ligands a slightly 
distorted octahedral fashion (Fig. 2). The carbonyl ligands are orientated nearly orthogonal to 
each other and the maximal deviation from 90 ° is found in the angle <(C3-Re1-C5) = 
86.05(13) °. The angles between the N-donor atoms of ligand 1a is only ~ 80 °, which is 
attributed to the ‘bite’ of the tripodal chelating ligand. Selected bond lengths and angles are 
summarized in Table 1. 
Consistent with the results of the VT-NMR experiments, the (CH2)2OH substituent straddles 
two of the pyrazolyl rings and is anti with respect to the third (Fig. 2). The co-crystallised 
water molecule is bound to the propanolyl OH function by hydrogen bonding 
(d(O50…H38AO38) = 1.997(4) Å). The triflate ion is also hydrogen bonded to this water 
molecule via a weak hydrogen bridge between O42 and H51 as well as F47 and H50 
(d(O42…H51O50) = 2.274(47) Å, d(F47…H50O50) = 2.347(14) Å). 
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Figure 2:  Solid-state structure of 5·H2O; displacement ellipsoids are shown at the 50 % 
probability level. The hydrogen bonds are indicated by dashed lines. 
 
There are two independent molecules of 6 in the solid state structure of 6·1.5H2O·½CH3CN 
(Fig. 3). In both, the rhenium atom is coordinated in a distorted octahedral fashion. The bond 
distances and angles are considered to be identical (Table 1). As found in the solid state of 
5·H2O, in the solid-state structure of 6 a nearly Cs-symmetrical complex cation is found. This 
is consistent with the VT NMR spectra of 6 at low temperature showing Cs-symmetry. 
 
Figure 3:  Solid-state structure of 6·1.5H2O·½CH3CN; displacement ellipsoids are shown at 
the 50 % probability level. The counter ions and co-crystallized solvent molecules are omitted 
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for clarity. 
 
The bond distances and angles of the N3Re(CO)3 core in the structures of both 5·H2O and 
6·1.5H2O·½CH3CN are within the ranges found in the structures of [{HC(pz)3}Re(CO)3]Br 
and [{H3CC(pz)3}Re(CO)3]I.0.5C2H5OH.[46]  
 
 Colourless crystals of 7b were obtained by slow evaporation of ethanolic solutions. 7b 
crystallises in the monoclinic space group P21/n. The rhenium atom is coordinated distorted 
octahedral by the three facial carbonyl ligands, two tert.-butylpyrazole ligands and a 
coordinated bromide (Fig. 4). Both pyrazole ligands form hydrogen bridges between the N-H 
protons and the coordinated bromide (d(Br1-H11) = 2.533(13) Å, d(Br1-H21) = 2.597(2) Å, 
<(NHBr) ≈ 128°), which are shorter than the NH-Br hydrogen bonds found in 
[(Hpz*)Re(CO)3(NCCH3)Br] (d(Br-H) = 2.770 Å)[47], or [(Hpz)Re(NO)(PPh3)Br3] (d(Br-H) = 
2.728 Å).[48] The torsion angles of N11,N11,Re1,Br1 and N21,N20,Re1,Br1 are 0.41 and 
3.83°, respectively, and therefore deviate only marginally from co-planarity. This is 
significantly different in the structures of [(HpzH)2Re(CO)3Br] and [(Hpz*)2Re(CO)3Cl].[45, 49] 
Here, the torsion angles are about 30 to 48° and no interaction of the pyrazol NH protons with 
the coordinated halogen atom is observed. The values of the bond distances and angles of the 
N2BrRe(CO)3 core in 7b are within the expected range. The Cs-symmetry of 7b is broken in 
the solid state. The Re1-C12 bond is significantly longer and the bond C12-O2 shorter than 
both other Re-C and C-O bonds, respectively. Additionally, only the carbonyl group in Re1-
C12-O2 deviates significantly from linearity (Table 1). As the solution NMR spectra show 
Cs-symmetry, this is attributed to crystal packing effects.  
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Figure 4:  Solid-state structure of 7b; displacement ellipsoids are shown at the 50 % 
probability level.  
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Conclusions 
In summary we synthesised the new tripodal nitrogen ligand 3,3,3-tris(pyrazolyl)propanol and 
several derivatives thereof (1a-c). The placement of the alcohol group with ethylene linker is 
a useful addition to the synthetic repertoire. The ligands have a suitable N,N,N metal binding 
domain and groups suitable for the attachment to e.g. a polymer framework via a variety of 
cleavable and non-cleavable linkers. The coordination of the Re(CO)3 fragment was shown to 
proceed smoothly in the case of the ligand 1a, whereas ligands with substituents R in 3-
position of the pyrazolyl rings as 1b and 1c show degradation to pyrazole complexes of the 
type [(HpzR)2ReBr(CO)3]. Currently, we investigate the hydrolytic decomposition of the 
ligands. This at first sight disadvantageous reaction could, if controlled, be used for a 
cleavable linker in order to release the metal moiety at a desired target. 
We showed that these 3,3,3-tris(pyrazolyl)propanol ligands are easily derivatised e.g. to the 
corresponding aldehyde (2b) or esters. Additionally, first experiments showed that the ligands 
1 can by utilized in the ring-opening polymerization of L-lactide to form ligand functionalised 
polylactides (3). Now, we can use these reactions to bind these ligands to polymeric frame-
works in order to develop polymer-based diagnostics.  
 
Table 1: Selected bond lengths (Å) and angles (°) for 5·H2O, 6·1.5H2O·½CH3CN and 7b. 
5·H2O 
Re1-N10 
Re1-N30 
Re1-C3 
C1-O2 
C5-O6 
N10-Re1-N20 
N20-Re1-N30 
C1-Re-C5 
Re1-C1-O2 
Re1-C5-O6 
2.162(3) 
2.161(3) 
1.925(4) 
1.151(4) 
1.146(4) 
81.11(10) 
80.43(9) 
89.78(14) 
176.5(3) 
177.9(3) 
Re1-N20 
Re1-C1 
Re1-C5 
C3-O4 
 
N10-Re1-N30 
C1-Re1-C3 
C3-Re1-C5 
Re1-C3-O4 
 
2.156(2) 
1.916(4) 
1.924(3) 
1.146(4) 
 
79.72(10) 
90.34(15) 
86.05(13) 
177.9(3) 
 
6·1.5H2O·½CH3CNa 
Re1-N2 
Re1-N6 
Re1-C12 
C11-O1 
C13-O3 
N2-Re1-N4 
N4-Re1-N6 
C11-Re-C13 
Re1-C11-O1 
2.178(3) 
2.158(2) 
1.926(3) 
1.154(4) 
1.148(3) 
82.30(9) 
78.95(9) 
88.02(13) 
178.5(3) 
Re1-N4 
Re1-C11 
Re1-C13 
C12-O2 
 
N2-Re1-N6 
C11-Re1-C12 
C12-Re1-C13 
Re1-C12-O2 
2.168(2) 
1.906(3) 
1.915(3) 
1.139(4) 
 
80.01(9) 
88.58(13) 
87.52(12) 
179.3(3) 
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Re1-C13-O3 178.6(3)   
7b 
Re1-N10 
Re1-C11 
Re1-C13 
C11-O1 
C13-O3 
N10-Re1-N20 
N20-Re1-Br1 
C11-Re-C13 
Re1-C11-O1 
Re1-C13-O3 
2.195(5) 
1.912(6) 
1.897(6) 
1.158(8) 
1.154(7) 
84.16(18) 
86.74(11) 
90.3(3) 
179.2(5) 
179.5(6) 
Re1-N20 
Re1-C12 
Re1-Br1 
C12-O2 
 
N10-Re1-Br1 
C11-Re1-C12 
C12-Re1-C13 
Re1-C12-O2 
 
2.195(4) 
1.931(6) 
2.6491(6) 
1.134(7) 
 
86.07(11) 
87.7(2) 
88.7(2) 
176.4(6) 
 
a As the two specimen in 6·1.5H2O·½CH3CN are virtually identical, values for only one 
specimen are shown. 
 
 
Table 2: Crystal data for 5·H2O, 6·1.5H2O·½CH3CN and 7b. 
 5·H2O 6·1.5H2O·½CH3CN 7b 
Empirical formula  C16H16F3N6O8ReS C31.50H35.5Br2N12.5O8.5Re2 C17H24BrN4O3Re 
Formula weight  695.61 1257.44 598.51 
Diffractometer Oxford Xcalibur Oxford Xcalibur Stoe IPDS1 
Temperature  183(2) K 183(2) K 183(2) K 
Wavelength  0.7107 Å 0.7107 Å 0.71073 Å 
Crystal system  Triclinic Triclinic Monoclinic 
Space group  P-1 P-1 P21/n 
Unit cell dimensions a = 9.2542(11) Å a = 10.0835(2) Å a = 10.3347(11) Å 
 b = 10.5145(7) Å b = 14.2732(3) Å b = 12.2578(11) Å 
 c = 12.748(2) Å c = 15.5550(4) Å c = 17.026(2) Å 
 α = 90.924(9)°. α = 107.640(2)°. α = 90°. 
 β = 110.294(13)°. β = 101.8655(19)°. β = 96.966(13)°. 
 γ = 101.431(8)°. γ = 105.0806(18)°. γ = 90°. 
Volume 1135.5(2) Å3 1959.09(8) Å3 2140.9(4) Å3 
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Z 2 2 4 
Density (calculated) 2.035 Mg/m3 2.132 Mg/m3 1.857 Mg/m3 
Absorption coefficient 5.523 mm-1 8.280 mm-1 7.564 mm-1 
F(000) 672 1200 1152 
Crystal size 0.29 x 0.19 x 0.07 
mm3 
0.15 x 0.13 x 0.09 mm3 0.48 x 0.45 x 0.25 
mm3 
Crystal description colourless plate colourless block colourless block 
Theta range for data 
collection 
2.40 to 30.51°. 2.23 to 30.51°. 2.59 to 27.88°. 
Index ranges -13<=h<=13,  
-15<=k<=14, -
18<=l<=18 
-14<=h<=14,  
-20<=k<=20,  
-20<=l<=22 
-13<=h<=13,  
-13<=k<=16,  
-21<=l<=21 
Reflections collected 28157 30517 14522 
Independent reflections 6923 [R(int) = 
0.0360] 
11950 [R(int) = 0.0289] 4799 [R(int) = 
0.0795] 
Reflections observed 5716 8655 4284 
Criterion for 
observation 
>2sigma(I) >2sigma(I) >2sigma(I) 
Completeness to theta 
= 30.51°, 30.51° or 
27.88° resp. 
100.0 %  99.8 %  93.9 %  
Absorption correction Semi-empirical from 
equivalents 
Semi-empirical from 
equivalents 
Numerical 
Rel. (for 5 and 6) or 
absolute (for 7b) max. 
and min. transmission 
1.00000 and 0.53788 1.00000 and 0.79799 0.2467 and 0.0712 
Refinement method Full-matrix least-
squares on F2 
Full-matrix least-squares 
on F2 
Full-matrix least-
squares on F2 
Data / restraints / 
parameters 
6923 / 2 / 323 11950 / 1 / 504 4799 / 0 / 242 
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Goodness-of-fit on F2 1.005 0.982 1.004 
Final R indices 
[I>2sigma(I)] 
R1 = 0.0266, wR2 = 
0.0639 
R1 = 0.0265, wR2 = 
0.0616 
R1 = 0.0492, wR2 = 
0.1294 
R indices (all data) R1 = 0.0349, wR2 = 
0.0664 
R1 = 0.0432, wR2 = 
0.0652 
R1 = 0.0523, wR2 = 
0.1323 
Largest diff. peak and 
hole 
1.941 and -0.713 
e.Å-3 
1.828 and -1.391 e.Å-3 2.900 and -2.795 
e.Å-3 
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Experimental Section 
Materials and Methods 
The tris(3-R-pyrazolyl)methanes (R = H, Ph, tert.-Bu)[29], 3,3,3-tris(pyrazolyl)propane[50] and 
[Re(H2O)3(CO)3]Br
[44] were prepared according to published procedures. The preparation of 
the ligands was carried out in Schlenk tubes under an atmosphere of dry nitrogen using 
anhydrous solvents purified according to standard procedures. The metal complexes were 
prepared using wet solvents. All chemicals were used as purchased. Detailed procedures for 
compounds 3, 6 and 7 are found in the supporting information. 1H NMR spectra were 
recorded on a Bruker DRX 200 spectrometer. The 1H and 13C{1H} NMR spectra were 
calibrated against the residual proton signals and the carbon signals of the solvents as internal 
references ([D1]chloroform: δH = 7.30 ppm and δC = 77.0 ppm; [D4]methanol): δH = 5.84 
ppm and δC = 49.1 ppm). The EI mass spectra were recorded on a double focussing mass 
spectrometer, model 311 A Varian MAT, ionisation energy 70 eV. The FAB mass spectra 
were recorded on a mass spectrometer Finnigan, model MAT 8200, in a NBA matrix. Infrared 
spectra were recorded with a Bruker IFS 66 FT-IR spectrometer. 
General Synthesis of 3,3,3-Tris(3’-organylpyrazol-1-yl)propanol 
A solution of the tris(pyrazolyl)methane in tetrahydrofuran was treated with n-BuLi (1.6 M 
solution in hexanes) at –78 °C. The solution was allowed to warm to 0 °C during a period of 1 
h, cooled again to –78 °C, then a slight excess of ethylene oxide was added. The reaction 
mixture was allowed to warm slowly and stirred for 12 h at room temperature. 10 mL of water 
were added, the solvent was removed in vacuo and the residue extracted with 
dichloromethane. The combined organic layers were dried (MgSO4), concentrated in vacuo 
and the product was crystallized from an appropriate solvent.  
3,3,3-Tris(pyrazol-1-yl)propanol (1a): Crystallisation from methanol/n-hexane yielded 68 
% light yellow wax. 1H-NMR (CDCl3): δ 3.58 (m, 2H, CH2), 3.75 (m, 2H, CH2), 5.26 (s, br, 
1H, OH), 6.33 (t, 3H, J = 2.2 Hz, Hpz4), 6.65 (d, 3H, J = 2.2 Hz, Hpz), 7.71 (d, 3H, J = 1.4 
Hz, Hpz). 13C{1H]-NMR (CDCl3): δ 43.62, 56.85, 92.88 (Cpz3), 106.92, 129.85, 141.74. EI 
MS (Pt, 40 °C): m/z (%) 255 (18) [M]+, 191 (57) [M-pz]+, 161 (67) [(pz)2C(CH2)]+, 147 
(92) [(pz)2CH]+, 123 (73) [M-2pz]+. C12H14N6O (258.28): calcd. C 55.8 H 5.5 N 32.5, 
found C 55.7, H 5.7 N 32.2. 
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3,3,3-Tris(3’-tert-butylpyrazol-1-yl)propanol (1b): Crystallisation from n-pentane yielded 
51% of colourless solid. 1H-NMR (CDCl3): δ 1.3 (s, 27 H; CH3). 3.6-3.5 (m, 2H; CH2), 3.8-
3.7 (m, 2H, CH2), 6.1 (d, 3JHH = 2.6 Hz, 3H, Hpz), 6.3 (d, 3JHH = 2.6 Hz, 3H, Hpz). 
13C{1H}-NMR (CDCl3): δ  29.3 (CH3), 31.3 ((CH3)3C), 42.1 (a-CH2), 55.9 (b-CH2), 91.7 
(C(pz)3), 101.8 (Cpz), 128.9 (Cpz), 163.1 (Cpz). FAB+ MS (NBA+NaI): m/z 449 [M+Na]+, 
303 [M-pzt-Bu]+. C24H38N6O (426.61): calcd. C 67.57, H 8.98, N 19.70; found: C 67.80, H 
8.87, N 19.63.  
3,3,3-Tris(3’-phenylpyrazol-1-yl)propanol (1c): Crystallisation from methanol yielded 73 
% of colourless solid. 1H NMR (CDCl3): δ 3.82 (m, 2H, CH2), 4.00 (m, 2H, CH2), 5.54 (s, 
1H, OH), 6.65 (d, 3H, 3JHH = 2.6 Hz, Hpz), 6.79 (d, 3H, 3JHH = 2.6 Hz, Hpz), 7.37 (m, 3H, 
p-H Ph), 7.43 (m, 6H, m-H Ph), 7.83 (m, 6H, o-H Ph). 13C{1H} NMR (CDCl3): δ  44.3 (α-
CH2), 58.0 (β-CH2), 94.2 (C(pz)3), 104.8 (Cpz), 126.6, 129.3, 129.5, 132.1, 132.8, 154.5 
(Cpz). FAB+ MS (NBA + NaI): m/z (%) 509 [M++Na] (17). C30H26N6O (486.57): calcd. C 
74.05, H 5.39, N 17.27; found 73.20, H 5.52, N 17.20. 
3,3,3-Tris(3’-tert-butylpyrazol-1-yl)propanal (2b) 
 To a solution of 1b (4.1 g, 9.6 mmol) in dichloromethane (100 mL) 10g of CrO3·py2 (39 
mmol) were added portion-wise. The dark brown mixture was heated to reflux for 1 h, filtered 
and the filtrate concentrated. The brown residue was dissolved in 50 mL of diethyl ether and 
filtered. The product was yielded as colourless crystals after repeated recrystallisation from 
pentane. Yield: 1.3 g (32 %). 1H-NMR (CDCl3): δ 1.27 (s, 27 H; CH3). 4.15 (d, 3JHH = 2.5 
Hz,  2H, CH2), 6.14 (d, 3JHH = 2.6 Hz, 3H, Hpz4), 6.45 (d, 3JHH = 2.6 Hz, 3H, Hpz5), 9.48 
(t, 3JHH = 2.5 Hz, 1H, CHO). 13C{1H}-NMR (CDCl3): δ 31.0 (CH3), 33.1 ((CH3)3C), 51.9 
(CH2), 89.7 (C(pz)3), 104.0 (Cpz4), 129.8 (Cpz5), 165.1 (Cpz3), 196.8 (CHO). EI MS (Pt, 70 
°C): m/z (%) 424 (1) [M]+, 396 (2) [M-CO]+, 301 (100) [M-pzt-Bu]+, 273 (50) [M-CO- pzt-
Bu]+. C24H36N6O (424.59): calcd. C 67.9, H 8.6, N 19.8; found: C 67.7, H 8.9, N 20.4. 
Synthesis of tris(pyrazolyl)propyl esters (3-Rpz)3C(CH2)2O(O)CR’ (3a-c): To one 
equivalent of (pztBu)C(CH2)2OH in a 1:1 pyridine/dichloromethane mixture 1.1 equivalents of 
the corresponding carbonic acid chloride were added. The solution was stirred at room 
temperature over night, once extracted with 5 % Na2CO3 solution and twice with water. The 
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organic layers were dried over MgSO4 and the solvent removed in vacuo. The product was 
recrystallised from ethanol.  
3,3,3-Tris(3’-tert-butylpyrazolyl)propyl laurylate (3-tBupz)3C(CH2)2O(O)CC11H23 (3a): 
Yield: 69 %. 1H NMR (CDCl3): δ / ppm = 0.88 (t, 3H, 3JHH = 6.5 Hz, CH3), 1.25 (s, 16H), 
1.29 (s, 9H, tBu), 1.60 (m, 2H, α-CH2), 2.26 (t, 2H, 3JHH = 7.4 Hz, β-CH2), 3.59 (m, 2H, 
CH2), 4.56 (m, 2H, CH2), 6.07 (d, 3H, 3JHH = 2.6 Hz), 6.34 (d, 3H, 3JHH = 2.6 Hz). 13C{1H} 
NMR (CDCl3): δ / ppm = 14.5, 23.1, 25.4, 29.6, 29.7 (2 signals), 29.9, 30.0, 30.8, 31.1, 32.3, 
32.7, 34.8, 39.3, 61.3, 91.0 (C(pz)3), 103.0 (Cpz), 129.9 (Cpz), 164.1 (Cpz), 174.1 (CO2). IR 
(KBr): nu(tilde) / cm-1 = 2961 (νC-H), 1737 (νC=O), 1525 (νC=N), 1379 (δs tBu), 1366 (δs tBu). EI 
MS (70 eV, 130 °C): m/z (%) = 609 [M]+ (0.2), 485 [M-pztBu]+ (24.8). C36H60N6O2 (608.92): 
calcd. C 71.0, H 9.9, N 13.8; found. C 71.1, H 10.2, N 13.8. 
3,3,3-Tris(3’-tert-butylpyrazolyl)propyl palmitoylate (3-tBupz)3C(CH2)2O(O)CC16H33 
(3b): Yield 83 %. 1H NMR (CDCl3): δ / ppm = 0.91 (t, 3H, 3JHH = 6.5 Hz, CH3), 1.30 (s, 
24H), 1.33 (s, 9H, tBu), 1.65 (m, 2H, α-CH2), 2.30 (t, 2H, 3JHH = 7.5 Hz, β-CH2), 3.65 (m, 
2H, CH2), 4.62 (m, 2H, CH2), 6.11 (d, 3H, 3JHH = 2.5 Hz), 6.39 (d, 3H, 3JHH = 2.5 Hz). 
13C{1H} NMR (CDCl3): δ / ppm = 14.5, 23.1, 25.4, 29.6, 29.7, 29.9, 30.0 (2 signals), 30.1 (2 
signals), 30.3, 30.8, 32.3, 32.7, 34.8, 39.3, 61.3, 91.0 (C(pz)3), 103.0 (C4-pz), 129.9 (C5-pz), 
162.1 (C3-pz), 174.1 (CO2). IR (KBr): nu(tilde) / cm-1 = 2921, 1740 (νC=O), 1526, 1367, 1163, 
1055, 860, 758. EI MS: m / z = 665 [M]+, 542 [M-pztBu]+. C40H68N6O2 (665.02): calcd. C 
72.2, H 10.3 N 12.6; found C 72.4, H 10.6, N 12.3 
3,3,3-Tris(3’-tert-butylpyrazolyl)propyl p-nitrobenzoate (3-
tBupz)3C(CH2)2O(O)CC6H4NO2 (3c): Yield: 48 %. 1H NMR (CDCl3): δ / ppm = 1.33 (s, 
27H, tBu), 3.85 (t, 2H, 3JHH = 7.3 Hz, CH2), 4.96 (t, 2H, 3JHH = 7.3 Hz, CH2), 6.15 (d, 3H, 
3JHH = 2.5 Hz), 6.38 (d, 3H, 3JHH = 2.5 Hz), 8.19 (2H, o-H), 8.27 (2H, m-H). 13C{1H} NMR 
(CDCl3): δ / ppm = 29.3 (C(CH3)3), 31.3 (C(CH3)3), 37.6, 61.5, 89.6 (C(pz3)3), 101.8, 122.4, 
128.6, 128.9, 129.7, 135.0, 149.4, 162.9, 163.5. IR (KBr): nu(tilde) / cm-1  = 2960, 1731 
(νC=O), 1522, 1343, 1311(νC-NO2), 1267, 1166, 1094, 1055, 979, 853, 760, 719. EI MS: m / z = 
575 [M]+, 452 [M-pztBu]+. C31H41N7O4 (575.71): calcd. C 64.7, H 7.2, N 17.0; found C 63.8, 
H 7.5, N 16.8. 
Synthesis of PLA-tppa (3d) 
1.2 g of L-lactide (8.3mmol) and 1a (0.121 g, 0.47 mmol, 1 eq.) were dissolved in 15 mL of 
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toluene and 30 µL of stannous octoate were added. The reaction mixture was stirred for three 
hours at 125°C and the solvent subsequently removed. The resulting polymer was then 
redissolved in 15 mL of dichloromethane and washed with 10 mL of HCL (0.1 M), saturated 
brine and water respectively. After drying over anhydrous Na2SO4 and filtration, the solvent 
was reduced to 5 mL. The product was obtained as a white powder after precipitation with 
diethyl ether.  Yield: 1g (75%). 1H-NMR (500 MHz, CDCl3): δ 1.51 (d, -CH3, J = 7.1 Hz), 
3.61 (m, -OCH2CH2C(pz)3), 4.29 (q, CH2CHOH, J = 7.1 Hz), 4.50 (m, -OCH2CH2C(pz)3), 
5.10 (q, CH, J = 7.1 Hz), 6.25 (m, pz-H4), 6.70 (m, pz-H5), 7.62 (m, pz-H3). MALDI-TOF: 
m/z  2131, 2275, 2420, 2492, 2636, 2780, 2924, 3068, 3212, 3356, 3501, 3645, 3789, 3934, 
4078, 4222, 4366, 4510, 4655, 4799, 4943, 5088. 
General procedure for the microwave assisted reaction of ligands 1 with [Re(CO)5Br] 
A solution of [Re(CO)5Br] (100 mg, 0.25 mmol) and one equivalent of ligand 1 in 10 mL of 
toluene was irradiated in several cycles for 10 min. each using a CEM microwave system 
(300 W). The reaction was aborted when no change in the IR spectrum of the solution was 
observed. The solvent was removed in vacuo and the solid residue was crystallised by 
diffusion of n-hexane into a mixture of methanol and CHCl3. 
 [(1a)Re(CO)3]Br (4): A solution of 1a (215 mg, 0.83 mmol) and [Re(CO)5Br] (255 mg, 
0.63 mmol) in 10 mL of toluene was irradiated in several cycles for 10 min. each using a 
CEM microwave system (300 W). The reaction was aborted when no change in the IR 
spectrum of the solution was observed. The solvent was removed in vacuo and the solid 
residue was crystallised by diffusion of n-hexane into a mixture of methanol and 
CHCl3.Yield: 405 mg (95 %). 1H NMR (CDCl3): δ 4.55 (m, 4, CH2), 6.66 (s, 3, Hpz), 8.10 
(s, 3, Hpz), 8.94 (s, 3, Hpz). 1H NMR (MeOD-d4): δ 4.26 (m, 4, CH2), 6.74 (s, 3, Hpz), 8.46 
(s, 3, Hpz), 8.72 (s, 3, Hpz). IR (KBr): nu(tilde) / cm-1 = 2038 (s), 1916 (s). IR (Toluene, ν / 
cm-1): 2038s, 2028m, 1931s, 1896m (C≡O). IR (CH2Cl2, ν / cm-1): 2040s, 2029s, 2017s, 
1893s (C≡O). FAB+ MS (NBA): m/z (%) 529 (100) [(1a)Re(CO)3]+. C15H14N6BrO4Re·2 
CHCl3 (847.18): calcd. C 24.1, H 1.9, N 9.9; found C 24.0, H 1.8, N 9.6.  
 [(1a)Re(CO)3]OTf (5): A solution of AgOTf (128 mg, 0.50 mmol) and [Re(CO)5Br] (203 
mg, 0.50 mmol) in 10 mL of toluene was heated to reflux for 2 h in an oil bath. The resulting 
precipitate was removed by filtration and a solution of 1a (142 mg, 0.55 mmol) in 3 mL of 
toluene added to the filtrate. The solution was concentrated in vacuo, n-hexane added and the 
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precipitate collected by filtration. The off-white solid was recrystallised from CHCl3 / n-
hexane. Yield: 257 mg (76 %). 1H NMR ([D4] MeOD): δ 4.24 (m, 4 H, CH2), 6.74 (s b, 3H, 
pz), 8.46 (s b, 3H, pz), 8.71 (s b, 3H, pz). 13C{1H} NMR ([D4] MeOD): δ 38.1 (CH2), 57.2 
(CH2), 90.4 (C(pz)3), 110.6 (pz), 136.3 (pz), 150.3 (pz), 195.6 (CO). IR (CH2Cl2, ν / cm-1): 
2042s, 1938s (C≡O). FAB+ MS (NBA): m/z (%) 529 (100) [(1a)Re(CO)3]+. 
C16H14N6F3O7ReS (677.59): calcd. C 28.4, H 2.1, N 12.4; found C 28.2, H 2.2, N 12.3. 
 [{(pz)3CCH2CH3}Re(CO)3]Br (6): A solution of (pz)3CCH2CH3 (245 mg, 1.01 mmol) 
and [Re(CO)5Br] (350 mg, 0.86 mmol) in 10 mL of ethanol was irradiated in several cycles 
for 10 min. each using a CEM microwave system (300 W). The reaction was aborted when no 
change in the IR spectrum of the solution was observed The solvent was removed in vacuo 
and the solid residue was crystallised by diffusion of n‐hexane into a mixture of methanol and  CHCl3. Yield: 407 mg (80 %). IR (KBr, ν / cm-1): 2034s, 1921s (C≡O).  FAB+ MS 
(NBA): m/z (%) 513 (100) [M-Br]+. C15H14N6BrO3Re·2 H2O (628.46): calcd. C 28.7, H 
2.9, N 13.4; found C 28.7, H 2.9, N 13.3. 
 [(HpztBu)2Re(CO)3Br] (7b): Yield 49 mg (68 %). 1H NMR (CDCl3): δ 1.31 (s, 18, tBu), 
6.08 (t, J= 2.2 Hz, 3, Hpz), 7.58 (t, J= 2.2 Hz, 3, Hpz), 11.62 (s, 1, NH). 13C NMR (CDCl3): 
δ 30.1 (s, Me), d = 31.8 (s, C(Me)3),  104.0  (s, Hpz), 144.2  (s, Hpz), 154.9 (s, Hpz), 191.0 (s, 
CO), 195.4 (s, CO). IR (KBr, ν / cm-1): 2024s, 1917s, 1889s (C≡O). IR (Toluene, ν / cm-1): 
2031s, 1928s, 1897s (C≡O). FAB+ MS (NBA): m/z (%) 598 (97) [(HpztBu)2Re(CO)3Br]+, 
570 (84) [(HpztBu)2Re(CO)2Br]+, 519 (100) [(HpztBu)Re(CO)3Br]+. C17H24BrN4O3Re 
(598.51): calc. C 34.1, H 4.0, N 9.4; found C 34.2, H 4.0, N 9.4. 
 
X-ray Crystallography 
Crystallographic data were collected at 183(2) K with Mo Kα radiation (λ = 0.7107 Å) that 
was monochromated with help a graphite on either a Stoe IPDS diffractometer for 7b or on an 
Oxford Diffractometer Xcalibur system with a Ruby detector for 5·H2O and 
6·1.5H2O·½CH3CN. Suitable crystals were covered with oil (Infineum V8512, formerly 
known as Paratone N), mounted on top of a glass fibre and immediately transferred to the 
diffractometer. In the case of the IPDS, a maximum of eight thousand reflections distributed 
over the whole limiting sphere were selected by the program SELECT and used for unit cell 
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parameter refinement with the program CELL.[51] Data were collected for Lorentz and 
polarisation effects as well as for absorption (numerical). In case of the Oxford system, the 
program suite CrysAlisPro was used for data collection, semi-empirical absorption correction 
and data reduction.[52] Structures were solved with direct methods using SIR97[53] and were 
refined by full-matrix least-squares methods on F2 with SHELXL-97.[54] The structures were 
checked for higher symmetry with help of the program Platon.[55]  
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Scheme 1: Synthesis of the alcohols 1 (R = H (a), tBu (b), Ph (c)), aldehydes 2 (R = tBu (b))  
and the esters 3 (R = tBu, R’ = C11H23 (a), C16H33 (b), C6H4NO2 (c)). 
1a­c  2b 
3a­c 
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Scheme 2: Functionalization of ligand 1a to 3d using ring opening polymerization of L-
lactide.  
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Figure 1: The region of the signals of the pyrazolyl protons in temperature-dependent 1H 
NMR spectra of [(1a)Re(CO)3]Br (4) in CDCl3. Below 280 K the signals of each pyrazolyl 
proton splits into two sets of signals in the ratio 2 : 1. 
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Figure 2:  Solid-state structure of 5·H2O; displacement ellipsoids are shown at the 50 % 
probability level. The hydrogen bonds are indicated by dashed lines. 
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Figure 3:  Solid-state structure of 6·1.5H2O·½CH3CN; displacement ellipsoids are shown at 
the 50 % probability level. The counter ions and co-crystallized solvent molecules are omitted 
for clarity. 
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Figure 4:  Solid-state structure of 7b; displacement ellipsoids are shown at the 50 % 
probability level.  
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Table 1: Selected bond lengths (Å) and angles (°) for 5·H2O, 6·1.5H2O·½CH3CN and 7b. 
5·H2O 
Re1-N10 
Re1-N30 
Re1-C3 
C1-O2 
C5-O6 
N10-Re1-N20 
N20-Re1-N30 
C1-Re-C5 
Re1-C1-O2 
Re1-C5-O6 
2.162(3) 
2.161(3) 
1.925(4) 
1.151(4) 
1.146(4) 
81.11(10) 
80.43(9) 
89.78(14) 
176.5(3) 
177.9(3) 
Re1-N20 
Re1-C1 
Re1-C5 
C3-O4 
 
N10-Re1-N30 
C1-Re1-C3 
C3-Re1-C5 
Re1-C3-O4 
 
2.156(2) 
1.916(4) 
1.924(3) 
1.146(4) 
 
79.72(10) 
90.34(15) 
86.05(13) 
177.9(3) 
 
6·1.5H2O·½CH3CNa 
Re1-N2 
Re1-N6 
Re1-C12 
C11-O1 
C13-O3 
N2-Re1-N4 
N4-Re1-N6 
C11-Re-C13 
Re1-C11-O1 
Re1-C13-O3 
2.178(3) 
2.158(2) 
1.926(3) 
1.154(4) 
1.148(3) 
82.30(9) 
78.95(9) 
88.02(13) 
178.5(3) 
178.6(3) 
Re1-N4 
Re1-C11 
Re1-C13 
C12-O2 
 
N2-Re1-N6 
C11-Re1-C12 
C12-Re1-C13 
Re1-C12-O2 
 
2.168(2) 
1.906(3) 
1.915(3) 
1.139(4) 
 
80.01(9) 
88.58(13) 
87.52(12) 
179.3(3) 
 
7b 
Re1-N10 
Re1-C11 
Re1-C13 
C11-O1 
C13-O3 
N10-Re1-N20 
N20-Re1-Br1 
C11-Re-C13 
Re1-C11-O1 
Re1-C13-O3 
2.195(5) 
1.912(6) 
1.897(6) 
1.158(8) 
1.154(7) 
84.16(18) 
86.74(11) 
90.3(3) 
179.2(5) 
179.5(6) 
Re1-N20 
Re1-C12 
Re1-Br1 
C12-O2 
 
N10-Re1-Br1 
C11-Re1-C12 
C12-Re1-C13 
Re1-C12-O2 
 
2.195(4) 
1.931(6) 
2.6491(6) 
1.134(7) 
 
86.07(11) 
87.7(2) 
88.7(2) 
176.4(6) 
 
a As the two specimen in 6·1.5H2O·½CH3CN are virtually identical, values for only one 
specimen are shown. 
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Table 2: Crystal data for 5·H2O, 6·1.5H2O·½CH3CN and 7b. 
 5·H2O 6·1.5H2O·½CH3CN 7b 
Empirical formula  C16H16F3N6O8ReS C31.50H35.5Br2N12.5O8.5Re2 C17H24BrN4O3Re 
Formula weight  695.61 1257.44 598.51 
Diffractometer Oxford Xcalibur Oxford Xcalibur Stoe IPDS1 
Temperature  183(2) K 183(2) K 183(2) K 
Wavelength  0.7107 Å 0.7107 Å 0.71073 Å 
Crystal system  Triclinic Triclinic Monoclinic 
Space group  P-1 P-1 P21/n 
Unit cell dimensions a = 9.2542(11) Å a = 10.0835(2) Å a = 10.3347(11) Å 
 b = 10.5145(7) Å b = 14.2732(3) Å b = 12.2578(11) Å 
 c = 12.748(2) Å c = 15.5550(4) Å c = 17.026(2) Å 
 α = 90.924(9)°. α = 107.640(2)°. α = 90°. 
 β = 110.294(13)°. β = 101.8655(19)°. β = 96.966(13)°. 
 γ = 101.431(8)°. γ = 105.0806(18)°. γ = 90°. 
Volume 1135.5(2) Å3 1959.09(8) Å3 2140.9(4) Å3 
Z 2 2 4 
Density (calculated) 2.035 Mg/m3 2.132 Mg/m3 1.857 Mg/m3 
Absorption coefficient 5.523 mm-1 8.280 mm-1 7.564 mm-1 
F(000) 672 1200 1152 
Crystal size 0.29 x 0.19 x 0.07 
mm3 
0.15 x 0.13 x 0.09 mm3 0.48 x 0.45 x 0.25 
mm3 
Crystal description colourless plate colourless block colourless block 
Theta range for data 
collection 
2.40 to 30.51°. 2.23 to 30.51°. 2.59 to 27.88°. 
Index ranges -13<=h<=13,  
-15<=k<=14, -
-14<=h<=14,  
-20<=k<=20,  
-13<=h<=13,  
-13<=k<=16,  
 30 
18<=l<=18 -20<=l<=22 -21<=l<=21 
Reflections collected 28157 30517 14522 
Independent reflections 6923 [R(int) = 
0.0360] 
11950 [R(int) = 0.0289] 4799 [R(int) = 
0.0795] 
Reflections observed 5716 8655 4284 
Criterion for 
observation 
>2sigma(I) >2sigma(I) >2sigma(I) 
Completeness to theta 
= 30.51°, 30.51° or 
27.88° resp. 
100.0 %  99.8 %  93.9 %  
Absorption correction Semi-empirical from 
equivalents 
Semi-empirical from 
equivalents 
Numerical 
Rel. (for 5 and 6) or 
absolute (for 7b) max. 
and min. transmission 
1.00000 and 0.53788 1.00000 and 0.79799 0.2467 and 0.0712 
Refinement method Full-matrix least-
squares on F2 
Full-matrix least-squares 
on F2 
Full-matrix least-
squares on F2 
Data / restraints / 
parameters 
6923 / 2 / 323 11950 / 1 / 504 4799 / 0 / 242 
Goodness-of-fit on F2 1.005 0.982 1.004 
Final R indices 
[I>2sigma(I)] 
R1 = 0.0266, wR2 = 
0.0639 
R1 = 0.0265, wR2 = 
0.0616 
R1 = 0.0492, wR2 = 
0.1294 
R indices (all data) R1 = 0.0349, wR2 = 
0.0664 
R1 = 0.0432, wR2 = 
0.0652 
R1 = 0.0523, wR2 = 
0.1323 
Largest diff. peak and 
hole 
1.941 and -0.713 
e.Å-3 
1.828 and -1.391 e.Å-3 2.900 and -2.795 
e.Å-3 
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